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Abstract

Objective: To investigate whether smoking, alcohol intake, female hormonal or anthropometric factors affect
melanoma risk.
Methods: Using Cox proportional hazards regression analyses, we analyzed 68,588 white subjects (79% female)
from the US Radiologic Technologists (USRT) Study who were cancer-free (other than non-melanoma skin cancer)
as of the first of two self-administered questionnaires. Follow-up covered 698, 028 person-years, with 207 cases of
melanoma.
Results: We found that melanoma risk was not associated with height, weight or BMI, nor with age at menarche,
menopausal status, use of hormone replacement therapy, parity, age at first birth or oral contraceptive use.
Melanoma risk was elevated with increasing alcohol use (RR: 2.1; 95% CI: 0.9–4.8, for >14 drinks/week compared
to never drinking; (p(trend)¼ 0.08)). Smoking for long durations compared to never smoking was inversely related
to melanoma risk (RR: 0.6; 0.3–1.3; ‡30 years; p(trend)¼ 0.03), though risk was not associated with number of
packs smoked per day.
Conclusions: None of the anthropometric or female reproductive/hormonal factors evaluated were related to
melanoma risk. It is unclear whether the positive association with alcohol intake and inverse association with
smoking for long duration are causal. The alcohol and smoking findings warrant detailed assessment in studies with
substantial statistical power where potential biases can be more fully evaluated.

Abbreviations: ARRT – American Registry of Radiologic Technologists; RR – Relative Risk; US – United States;
USRT – United States Radiologic Technologists

Introduction

Most epidemiologic studies of cutaneous malignant
melanoma have focused on sunlight exposure and
risks associated with host susceptibility characteristics,

such as skin pigmentation, and eye and hair color [1–
3]. A number of studies have also explored the
possible contribution of smoking, alcohol use, anthro-
pometric characteristics, and female hormonal factors
to melanoma risk [1–23], but available epidemiologic
evidence has been inconsistent, with few analyses
based on large, prospective cohort studies. To help
understand the possible etiologic role of these factors,
we evaluated melanoma and smoking, alcohol in-
take and other characteristics in a large, nationwide
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occupational cohort with information about most
postulated risk factors collected prior to melanoma
diagnosis.

Materials and methods

The US Radiologic Technologist (USRT) Study com-
prises a cohort of 146,022 radiologic technologists, who
were residing in the United States and certified by
the American Registry of Radiologic Technologists
(ARRT) for at least 2 years between 1926 and 1982
[24, 25]. We mailed a baseline questionnaire to all cohort
members who were located and found to be alive
(n¼ 132,454) during 1983–1989. The questionnaire col-
lected information on height, weight, smoking behavior,
alcohol use, and female hormonal factors, as well as
work history and other factors. A second questionnaire,
administered during 1994–1998, ascertained incident
cancers, updated information on the risk factors previ-
ously evaluated, and asked about skin pigmentation,
hair and eye color, as well as family medical history.
Sixty-eight percent (90,305) responded to the first
questionnaire; among living respondents to the initial
questionnaire, 83% (70,859) answered the second ques-
tionnaire.

Description of study population

We restricted this investigation to white respondents
who responded to the baseline questionnaire, were
cancer-free (except for non-melanoma skin cancer) as
of the first questionnaire, and responded to the second
questionnaire or died during the intervening period
through August 1998 (n¼ 68,588). Eligible cases includ-
ed both incident melanoma cases (i.e., subjects reporting
a diagnosis of primary cutaneous melanoma occurring
between completion of the two questionnaires) and
deaths (i.e., subjects who died before completing the
second questionnaire through August 1998, with mela-
noma listed as an underlying or contributory cause of
death, as determined through linkage with the National
Death Index).
Pathology reports and other confirmatory medical

records (hereafter the combination of pathology reports
and other medical records is designated as medical
records) were requested to validate the self-reported
melanomas. Among the 243 subjects reporting melano-
ma, medical records were obtained for 160 (66%). Of
these 160, medical records validated the melanoma
diagnosis for 140 subjects (88%). We excluded the 20
incorrectly reported ‘melanomas’ from the case group-
ing. The 140 validated melanomas, however, included

diagnoses of 31 melanomas in situ and four ocular
melanomas, which were also excluded from the case
definition. Principal findings, however, were analyzed
both with cases excluding and including the validated
in situ melanomas.
There were no significant differences by age, geo-

graphic region of residence or number of years worked
as a radiologic technologist between those potentially
eligible cases for whom medical records were and were
not obtained. Because a high proportion of self-reported
melanomas were confirmed by medical records, and
cases whose self-reported diagnoses were or were not
confirmed by medical records did not differ significantly
by sociodemographic factors, we included potentially
eligible incident cases for whom medical record confir-
mation could not be obtained.
Similarly, decedents were included because of the high

(89%) confirmation rate for melanoma designated as a
cause of death on US death certificates [26]. Because
only first primary cases were eligible, decedents with
melanoma and another cancer cause of death listed on
the death certificates were included only if the average
survival rate of melanoma exceeded that for the other
cancer based on average survival rates for that cancer
from population-based registries in the National Cancer
Institute’s Surveillance, Epidemiology and End Results
(SEER) program [27] and, thus, likely preceded it (one
case was excluded). After exclusions, cases totaled 207,
including 193 incident first primary melanomas and 14
deaths.

Data collection

Age (at questionnaire response), gender, height, weight,
smoking behavior, alcohol intake, some reproductive
factors (age at menarche, use of oral contraceptives, age
began using oral contraceptives), education and work
history were obtained from responses to the first
questionnaire. A proxy measure for mean annual adult
residential exposure to sunlight was derived using the
estimated annual solar ultraviolet radiation assigned to
each state [28] in which the subject reported working
weighted by the duration of working in that location. A
proxy measure for the potential residential sun exposure
during childhood was estimated as the annual solar
ultraviolet radiation assigned to each subject’s state of
birth. Data on hair, eye, and skin color and family
history of melanoma were derived from the second
questionnaire and, thus, were not available for subjects
who had died before completing the second question-
naire. Some time-dependent reproductive factors (meno-
pausal status, use of hormone replacement therapy
(HRT), parity, age at first birth) used information from
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both questionnaires, if available. When not available,
missing information was imputed using nearest neighbor
imputation methods [29, 30]. Missing information for
non-time dependent variables was coded as a separate
unknown category. No information was available from
subjects about residential history during childhood
(except birthplace), nor about the number of sunburns,
skin reactions to sun exposure, or numbers of nevi
among subjects.

Statistical methods

We used Cox proportional hazards regression analyses
to compute relative risks (RRs) with 95% confidence
intervals (CIs), using age at diagnosis or death from
melanoma as the response (i.e., age as the time-scale
beginning at completion of the first questionnaire) [31],
and we stratified the baseline hazard by birth cohort in
5-year intervals. Subjects were followed from the first

questionnaire until the date of death, completion of the
second questionnaire, or the diagnosis of the first cancer
(other than non-melanoma skin), whichever occurred
first. Subjects who died due to causes other than
melanoma (n¼ 2261) were included in the analysis
as non-cases, despite the absence of some covariate
information (i.e., skin pigmentation, hair color) for
non-respondents to the second questionnaire. Non-
respondents to the second questionnaire, for whom
information about incident melanomas was unknown
(14,874 subjects who were presumed alive based on
tracing using National Death Index, Social Security and
other records), were excluded from the analysis.
Multivariate models included gender, smoking dura-

tion, alcohol intake and established risk factors for
cutaneous melanoma, i.e., skin pigmentation, hair color,
personal history of non-melanoma skin cancer, as well
as the proxy measures for residential childhood and
adult sunlight exposure, education, and decade of

Table 1. Frequency of selected demographic and other characteristics among white melanoma cases compared with the study population of white

radiologic technologists in the USRT Study cohorta

characteristics Melanoma cases Study population

n = 207 % n = 68,588 %

Age at baselineb

<35 years 81 39.1 30,597 44.6

35–44 years 78 37.7 22,877 33.4

45–54 years 32 15.5 9.352 13.6

55–64 years 11 5.3 3763 5.5

65+ years 5 2.4 1999 2.9

Gender

Female 159 76.8 54,045 78.8

Male 48 23.2 14,543 21.2

Educationc

High School (9–12 years) 4 1.9 519 0.8

Radiation Technology Program (2 years) 107 51.7 37,414 54.6

1þ years college/graduate school 88 42.5 26,696 38.9

Other 7 3.4 3520 5.1

Year certified as radiation technologist

<1950 9 4.4 1951 2.8

1950–1959 29 14.0 8299 12.1

1960–1969 58 28.0 20,052 29.2

1970–1979 101 48.8 34,699 50.6

1980þ 10 4.8 3617 5.3

Residence at baseline

Northeast 40 19.3 17,191 25.1

Southeast 51 24.6 21,866 31.9

Central 63 30.4 17,255 25.2

West 53 25.6 12,266 17.9

a Restricted to white respondents to first survey (baseline) questionnaire who were cancer-free (other than non-melanoma skin cancer) at

baseline. Some frequencies do not total 100% due to missing information.
b Responded to 1st questionnaire (1984–1989).
c Subjects were placed in the ‘highest’ educational category applicable, with college ranked after radiological training, which was ranked after

high school education.
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employment began as a radiation technologist. In tests
for trends, we modeled exposure variables as continu-
ous; p-values are two-sided.

Results

The majority of this study population of white and
cancer-free members of the USRT cohort were female

(79%) and about 45% were younger than 35 years old
when completing the baseline questionnaire (Table 1).
Follow-up covered 698,028 person-years. Melanoma
risk was not associated with gender and varied only
modestly with age (Table 2). Constitutional factors
(skin, eye, and hair color), personal history of non-
melanoma skin cancer, family history of melanoma, and
adult ‘residential’ sunlight exposure were all significantly
associated with melanoma (Table 2).

Table 2. Adjusted RR and 95% CIs for melanoma associated with demographic and constitutional factors, personal and family history of skin

cancer, and potential ‘residential’ sunlight exposure index in the white study population of the USRT cohorta

Characteristicsb No. of cases RRc 95% CI p(trend)

Age (at baseline questionnaire)d

<35 81 1.0 –

35–44 78 1.4 1.0–1.8

45–54 32 1.4 0.9–2.1

55–64 11 1.3 0.7–2.4

65þ 5 1.3 0.5–3.1 0.07

Gender

Female 159 1.0 –

Male 48 1.1 0.8–1.5

Skin tonee

Medium/Dark 53 1.0 –

Fair 140 2.7 2.0–3.7

Eye colore

Brown/black 41 1.0 –

Gray/hazel 40 1.3 0.8–2.0

Blue/green 112 1.9 1.4–2.8

Hair colore

Dk. Brown 71 1.0 –

Lt. Brown 63 1.2 0.8–1.6

Blonde 37 1.4 0.9–2.1

Red 22 2.8 1.7–4.4

Past skin cancer (basal/squamous)

No 193 1.0 –

Yes 14 4.5 2.5–7.9

Family history of melanoma in 1st degree relativese

No 185 1.0 –

Yes 8 5.0 2.5–10.2

Estimated mean annual adult residential sunlight exposuref (tertiles)

1 (lowest) 68 1.0 –

2 37 0.8 0.5–1.2

3 (highest) 94 1.6 1.2–2.2 <0.001g

Estimated mean childhood residential sunlight exposureh (tertiles)

1 (lowest) 66 1.0 –

2 60 0.9 0.6–1.2

3 (highest) 73 1.1 0.8–1.5 0.04g

a Restricted to white subjects who responded to the baseline questionnaire and were cancer-free (other than non-melanoma skin cancer) at that

time.
b Missing information was coded in a separate category (not shown).
c RR estimated using Cox proportional hazards regression with age as the time-scale, stratified at baseline by birth cohort in 5-year intervals.
d This variable alone was analyzed using follow-up years as the time-scale, with no strata at baseline, in Cox proportional hazards regression.
e Subjects who died of melanoma, and thus did not respond to the second questionnaire, have missing information for these variables.
f Time-weighted average of estimated annual solar ultraviolet radiation (in Robertson–Berger units · 10)4) assigned to each state [28] in which

a job was performed and weighted by the duration of the job (tertile cut points: 114, 134).
g p(trend) based on the underlying continuous variable.
h Estimated annual solar ultraviolet (in Robertson–Berger units · 10)4) assigned to the state of birth [28] (tertile cut points: 111, 121).
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Table 3. Adjusted RR and 95% CIs of melanoma associated with height, weight, BMI, and female hormonal factors in the white study

population of the USRT cohorta

Characteristicsb Women Men

No. of casesb,

n = 159

RRc 95% CI p(trend)d No. of cases,b

n = 48

RRc 95% CI p(trend)d

Anthropometric

Height (quartiles)e

1 (low) 42 1.0 13 1.0

2 51 1.2 0.8–1.8 10 0.6 0.3–1.5

3 21 1.0 0.6–1.8 14 0.8 0.4–1.8

4 (high) 43 1.3 0.8–2.1 0.13 9 0.8 0.3–1.9 0.79

Weight (quartiles)f

1 (low) 36 1.0 7 1.0

2 37 1.2 0.8–2.0 16 2.6 1.0–6.6

3 48 1.2 0.7–1.9 12 1.8 0.7–5.0

4 (high) 35 1.2 0.7–2.0 0.70 13 2.2 0.8–6.1 0.14

BMI (quartiles)g

1 (low) 44 1.0 6 1.0

2 34 0.8 0.5–1.3 17 2.7 1.1–7.0

3 37 0.9 0.6–1.4 14 2.1 0.8–5.6

4 (high) 40 0.9 0.6–1.4 0.95 9 1.4 0.5–4.1 0.85

Hormonal (females)

Oral contraceptive (OC) use

Never 34 1.0

Ever 125 1.2 0.8–1.8

Past 104 1.2 0.7–1.8

Current 20 1.4 0.7–2.6

<5 years 7 1.8 0.8–4.4

5+ years 12 1.2 0.6–2.4

Age began OC use

<20 39 1.0

20–24 59 1.0 0.6–1.5

25+ 26 1.1 0.6–2.0

Never 34 0.9 0.5–1.5

Menopause

No 104 1.0

Yes 55 1.0 0.6–1.6

HRT use

Never 119 1.0

Ever 40 1.2 0.8–1.8

Age at menarche

£11 28 1.0

12 38 1.0 0.6–1.6

13 48 1.1 0.7–1.7

14 29 1.6 0.9–2.7

15+ 12 0.9 0.5–1.8 0.50

Age at first birth

<25 59 1.0

25–29 43 0.8 0.5–1.2

30+ 13 0.6 0.3–1.0

Nulliparous 42 0.9 0.6–1.4

Parity

Nulliparous 42 1.0

Parous 117 0.9 0.6–1.3

1 child 20 0.7 0.4–1.1

2 children 56 1.0 0.7–1.5

3 children 20 0.8 0.5–1.4

4+ children 14 1.2 0.7–2.4

a Restricted to white respondents to baseline questionnaire who were cancer-free (other than non-melanoma skin cancer) at baseline.
b Some frequencies do not total 100% due to missing information.
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Melanoma risk was not associated with height, weight
or BMI in men or women (Table 3). There was also no
association with female hormonal factors, including age
at menarche, age at first use of oral contraceptives, age
at first birth, number of births, menopausal status or use
of HRT (Table 3). Melanoma risk was non-significantly
elevated with current oral contraceptive use (at the time
of the first questionnaire) compared to never use (RR:
1.4; 0.7–2.6); however, risk did not increase with longer
duration of use among current users.
Compared to subjects who never drank alcohol, those

who drank more than 14 drinks per week had a nearly
significant twofold higher risk (p(trend)¼ 0.08) (Ta-
ble 4). The twofold risks associated with drinking more
than 14 drinks per week characterized both men and
women, though the trend was only significant in
women.
A slight non-significant inverse association was ob-

served among current smokers (those who reported
smoking at the time of the first questionnaire) compared
to non-smokers among the combined group of men and
women (Table 4). Similar patterns were evident in men
and women assessed separately. Although the risk of
melanoma was unrelated to number of packs smoked
per day, it was inversely associated with long duration.
Risk was 40% lower among those smoking for 30 or
more years compared to non-smokers (p(trend)¼ 0.03).
Long duration (25þ years) and high pack years (30þ)
among current smokers were also both inversely asso-
ciated with melanoma risk, but only significantly in
women and the combined population of men and
women. When we examined the risk of residential
sunlight exposure by smoking status, we found an
elevated risk of melanoma (RR: 2.1; 1.2–3.7; n¼ 49)
associated with indicators of high adult residential
sunlight exposure (3rd tertile) in non-smokers, but no
association was found between indicators of high adult
residential sunlight exposure and melanoma among
subjects who smoked cigarettes for 10 or more years
(1.1; 0.5–2.2; n¼ 28) (Table 5). The interaction, howev-
er, between smoking and residential sunlight surrogate
was not significant. When smoking and alcohol intake

were analyzed with cases that included validated cases of
in situ melanoma, the results were similar (data not
shown).

Discussion

The lack of association we found between melanoma
and particular anthropometric factors is consistent with
many other studies [7, 12, 15, 32,], though not all [13, 18,
21, 33, 34]. Unfortunately, we were only able to assess
the effects of anthropometric factors as of the baseline
questionnaire (especially important for weight and
BMI), and thus could not explore these factors as age-
dependent variables. We also found no association with
female hormonal factors, which have shown no consis-
tent relationship to melanoma risk in epidemiologic
studies [1].
While we found some evidence of a positive associ-

ation with alcohol consumption, the association was
primarily limited to those in the highest consumption
category (>14 drinks per week), with a trend that was
only significant in women. Our finding of a possible
association between melanoma and alcohol intake is in
line with a few studies [20, 21, 35, 36], but not others [8,
13, 16, 37, 38]. One of the few prospective studies on this
topic [21] observed a borderline significant elevated
association with wine consumption that was restricted to
women. Our data, however, do not distinguish types of
alcoholic beverages and thus cannot identify possible
differential associations with these drinks. Few studies
have suggested potential biologic mechanisms for a
possible relationship between alcohol and melanoma
risk, though a pituitary-mediated mechanism has been
proposed [35].
The inverse association with smoking duration that

we identified in this population between melanoma and
cigarette smoking was unexpected. A review of other
epidemiologic studies indicate a pattern of inverse
associations with smoking in many studies (reviewed
in Table 6). There are a number of possible non-causal
explanations for the inverse association between mela-

Table 3. (Continued)
J �����������������������������������������������������������������������

c RR estimated using Cox proportional hazards regression analysis with age as the time-scale, stratifying at baseline on birth cohort in 5-year

intervals. Adjusted for gender, alcohol intake, years smoked, skin pigmentation, hair color, personal history of non-melanoma skin cancer,

decade began work as a technologist, education, and proxy measures for residential childhood and adult sunlight exposure. Height was also

adjusted for weight, and weight, for height. Missing information for the characteristics was analyzed with separate dummy variables.
d p(trend) based on the underlying continuous variable.
e Quartile cut points (meters) in women: 1.6; 1.65; 1.68. In men: 1.73; 1.78; 1.83.
f Quartile cut points (kg) in women: 54.4; 59.4; 68.0; In men: 72.6; 79.4; 88.5.
g Quartile cut points (kg/m2) in women: 20.4; 22.1; 24.7; In men: 23.3; 25.1; 27.4.
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noma and cigarette smoking, including screening bias,
inadequate adjustment for sunlight exposure and SES,
and ascertainment bias. Screening bias is suggested if

smokers obtain fewer preventive screening exams, as
suggested by data from the 1998 National Health
Interview Survey (NHIS) [42], and the higher risk of

Table 4. Adjusted RR and 95% CIs of melanoma associated with alcohol intake and smoking in the white study population of the USRT cohorta

Characteristics Women Men Combined population

No. of

casesb
RRc 95% CI p(trend)d No. of

casesb
RRc 95% CI p(trend)d No. of

casesb
RRc 95% CI p(trend)d

Alcohol (drinks/week)

Never 23 1.0 8 1.0 31 1.0

Ever 136 1.2 0.8–1.9 40 1.5 0.7–3.3 176 1.3 0.9–1.9

<1–6 114 1.2 0.7–1.9 32 1.5 0.7–3.4 146 1.2 0.8–1.8

7–14 19 1.7 0.9–3.1 4 0.9 0.2–3.0 23 1.4 0.8–2.5

>14 3 2.1 0.6–7.0 0.05 4 2.4 0.7–8.2 0.61 7 2.1 0.9–4.8 0.08

Overall smoking status

Never-smoker 80 1.0 22 1.0 102 1.0

Ever-smoker 79 1.0 0.7–1.3 26 0.6 0.3–1.1 105 0.9 0.7–1.2

Former smoker 46 1.1 0.7–1.5 14 0.6 0.3–1.2 60 0.9 0.7–1.3

Current smoker 32 0.8 0.5–1.3 11 0.6 0.3–1.3 43 0.8 0.5–1.1

Age first smoked

Never-smoker 80 1.0 22 1.0 102 1.0

<16 12 1.0 0.5–1.9 4 0.3 0.1–1.0 16 0.7 0.4–1.3

16–17 23 1.1 0.7–1.7 4 0.3 0.1–0.9 27 0.8 0.5–1.3

18–19 20 0.7 0.4–1.2 11 1.1 0.5–2.3 31 0.8 0.5–1.2

>19 23 1.1 0.7–1.8 0.38 6 0.8 0.3–1.9 0.21 29 1.0 0.7–1.6 0.20

Packs/day

Never-smoker 80 1.0 22 1.0 102 1.0

<0.5 28 1.0 0.7–1.6 6 0.7 0.3–1.9 34 1.0 0.7–1.5

0.5–1 31 0.9 0.6–1.4 8 0.5 0.2–1.2 39 0.8 0.6–1.2

>1–2 17 0.9 0.5–1.5 9 0.6 0.2–1.3 26 0.8 0.5–1.3

>2 2 1.4 0.3–5.8 (0.64) 3 1.0 0.3–3.7 (0.20) 5 1.3 0.5–3.4 (0.33)

Duration (years)

Never-smoker 80 1.0 22 1.0 102 1.0

<10 24 1.0 0.6–1.6 3 0.4 0.1–1.4 27 0.9 0.6–1.3

10–19 33 1.1 0.7–1.6 13 1.0 0.5–1.9 46 1.1 0.7–1.5

20–29 11 0.6 0.3–1.2 4 0.3 0.1–0.9 15 0.5 0.3–0.9

30+ 6 0.6 0.2–1.5 (0.14) 5 0.6 0.2–1.9 (0.07) 11 0.6 0.3–1.3 (0.03)

Pack-years

Never-smoker 80 1.0 22 1.0 102 1.0

<10 43 1.0 0.7–1.5 9 0.7 0.3–1.6 52 1.0 0.7–1.3

10–29 21 0.8 0.5–1.2 9 0.6 0.2–1.3 30 0.7 0.5–1.1

30+ 9 0.8 0.4–1.7 (0.31) 7 0.5 0.2–1.3 (0.25) 16 0.7 0.4–1.3 (0.16)

Duration of current smokers

Never-smoker 80 1.0 22 1.0 102 1.0

Current,<15 17 1.5 0.9–2.6 0 17 1.2 0.7–2.1

15–24 9 0.6 0.3–1.2 6 0.7 0.3–1.9 15 0.7 0.4–1.2

25+ 6 0.5 0.2–1.1 (0.04) 5 0.7 0.2–2.0 (0.17) 11 0.6 0.3–1.1 (0.02)

Pack-years of current smokers

Never-smoker 80 1.0 22 1.0 102 1.0

Current,<15 22 1.2 0.7–1.9 2 0.4 0.1–1.9 24 1.1 0.7–1.7

15–29 5 0.4 0.2–1.0 5 0.9 0.3–2.4 10 0.6 0.3–1.1

30+ 4 0.5 0.2–1.3 (0.03) 4 0.5 0.2–1.6 (0.20) 8 0.5 0.3–1.1 (0.03)

a Restricted to white respondents to baseline questionnaire who were cancer-free (other than non-melanoma skin cancer) at baseline.
b Some frequencies do not total 100% due to missing information.
c RR estimated using Cox proportional hazards regression analysis with age as the time-scale, stratifying at baseline on birth cohort in 5-year

intervals. Adjusted for gender, alcohol intake, years smoked (for alcohol), skin pigmentation, hair color, personal history of non-melanoma

skin cancer, decade began work as a technologist, education and proxy measures for residential childhood and adult sunlight exposure.

Missing information for the characteristics was analyzed with separate dummy variables.
d p(trend) based on the underlying continuous variable, except for alcohol intake, which was based on a multi-level single variable.
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late-stage diagnosis [43–45], though the reports of a
higher risk of squamous cell carcinoma among smokers
[41, 46, 47] provide some counter evidence. Possible bias
regarding our inability to adjust for sun exposure is also
mixed. The literature suggests that regular smokers may
be less likely to use sun protective measures than
non-smokers [42, 48, 49], though smokers appear to be
less physically active than non-smokers [50, 51] and
thus presumably spend more time indoors. It seems
unlikely that ascertainment bias could explain the
reduced risk of melanoma among smokers, because
response to the second questionnaire among smokers
(76.4%) was only slightly less than among non-smokers
(80.8%).
The apparent absence of an elevated risk of melanoma

among long-term smokers with indicators of high
residential sunlight in contrast to the increased risk
observed in non-smokers could reflect various biases
(see above) or chance. We plan to evaluate this finding
further in a comprehensive case–cohort study within the
USRT cohort focusing on risk factors for melanoma
and non-melanoma skin cancer. If the case–cohort
investigation or other studies confirm a reduced risk of
melanoma among smokers exposed to high levels of
sunlight when the sun exposure is more accurately
assessed, then it is possible that there may be an
inhibitory effect of cigarette smoking on inflammatory
skin responses to ultraviolet radiation. Laboratory
findings have shown an up-regulation of cycloxygenase
(COX)-2 following acute exposure to ultraviolet-B
irradiation in cultured keratinocytes [52]. In addition,
cycloxygenase is expressed in primary malignant mela-
nomas and melanoma cell lines and appeared to be
related to melanoma invasion [53]. Further, a recent

case–control study [54], found an inverse association
between melanoma risk and regular daily intake of non-
steroidal anti-inflammatory drugs (NSAIDS), but not
with acetaminophen, which has weak anti-inflammatory
properties. Two studies also suggest that cigarette
smoking [55] and nicotine [56] reduced the cutaneous
inflammatory response to UVB irradiation among
human volunteers.
There are several limitations to this study, including

the absence of detailed information on sunlight expo-
sure, sunburn history, and the number and kind of nevi,
as well as the inability to validate all self-reported
melanomas and causes of death. However, when in situ
cases were included, which increased the case validation
rate, the results were similar. Compared to previous,
primarily case–control studies, strengths of the investi-
gation include the prospective collection of information
on melanoma risk factors. Other advantages include the
relatively large number of melanoma cases and the
availability of information on some major potential
confounders, including constitutional and personal and
family skin cancer history.
In this study, generally only established risk factors

were significantly and positively associated with mela-
noma. It is not clear whether the positive association
with alcohol intake and inverse association with long
duration of smoking are causal. The findings regarding
alcohol consumption and smoking warrant more de-
tailed assessment in studies with substantial statistical
power where potential biases can be more fully evalu-
ated. If replicated, they warrant experimental studies to
explore potential biological mechanisms. Our results
have no public health implications for smoking behav-
ior.

Table 5. Adjusted RR and 95% CIs for melanoma associated with indicators of residential sunlight exposure among non-smokers, short-term

smokers (<10 years) and long-term smokers (P10 years) in the white study population of the USRT cohorta

Estimated mean

annual adult residential

sunlight exposureb (tertiles)

Non-Smokers Smokers (<10 years) Smokers (P10 years)

No. of

cases

n = 98

RR 95% CI p(trend)c No. of

cases

n = 25

RR 95% CI p(trend)c No. of

cases

n = 71

RR 95% CI p(trend)

1 (lowest) 33 1.0 9 1.0 26 1.0

2 16 0.9 0.5–1.8 2 0.3 0.1–1.7 17 0.9 0.4–1.9

3 (highest) 49 2.1 1.2–3.7 <0.01 14 2.0 0.7–6.0 0.04 28 1.1 0.5–2.2 0.54

a Restricted to white respondents to baseline questionnaire who were cancer-free (other than non-melanoma skin cancer) at baseline.
b RR estimated using Cox proportional hazards regression analysis with age as the time-scale, stratifying at baseline on birth cohort in 5-year

intervals. Adjusted for gender, alcohol intake, skin pigmentation, hair color, personal history of non-melanoma skin cancer, decade began

work as a technologist, education, and proxy measures for residential childhood sunlight exposure. Time-weighted average of estimated

annual solar ultraviolet radiation (in Robertson–Berger units · 10)4) assigned to each state [28] in which a job was performed and weighted

by the duration of the job (tertile cut points: 113, 133).
c p(trend) based on the underlying continuous variable.
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Table 6. Summary of odds ratios (OR) and RR for melanoma associated with cigarette smoking overall and by duration daily and cumulative

amount in published studies

Study [reference no.]

(cases/controls or

cases/cohort)

Type of study Overall OR

or RR (95% CI)

Duration Daily amount Cumulative amount

Current studya Cohort Ever smokera Yearsa Packs/daya Pack-years

207/ 68,588 0.9 (0.7–1.2) <10: 0.9 (0.6–1.3) <0.5: 1.0 (0.7–1.5) <10: 1.0 (0.7–1.3)

Former smokera 10–19: 1.1 (0.7–1.5) 0.5–1.0: 0.8 (0.6–1.2) 10–29: 0.7 (0.5–1.1)

0.9 (0.7–1.3) 20–29: 0.5 (0.3–0.9) >1–2: 0.8 (0.5–1.3) ‡30: 0.7 (0.4–1.3)

Current smokera ‡30: 0.6 (0.3–1.3) >2: 1.3 (0.5–3.4)

0.8 (0.5–1.1)

Australia and Scotland [39]b Case/control Former smokerb

275/496 0.8 (0.6–1.1)

36/72 respectively Current smokerb

0.6 (0.4–0.9)

Denmark [16]c Case/control Former smokerc Daily no. cigarettesc

474/ 926 1.0 (0.7–1.3) 1–9: 1.1 (0.7–1.5)

Current smokerc 10–19: 0.6 (0.4–0.9)

0.8 (0.6–1.1) 20+: 0.8 (0.6–1.2)

Montreal [40]d Case/control Ever-smokerd Cigarette-yearsd

>103/ 533 pop. controls;

1602 cancer controls

0.5 (0.3–0.9) 1–500: 0.7 (0.4–1.4)

501–1000: 0.5 (0.2–0.9)

1001–1500: 0.4 (0.2–1.0)

1501þ: 0.4 (0.1–0.9)

Netherlands [41]e Case/control Ever-smokere

125/386 0.8 (0.5–1.2)

Norway [21]f Cohort Former smokerf Daily no. cigarettesf

108/50,757 0.9 (0.5–1.4) 0–10: 0.6 (0.4–1.1)

‡11: 0.7 (0.4–1.4)

Queensland, Australia [8]g Case/control Ever-smokerg Lifetime No. Packsg

183/236 0.8 1: 0.7 (0.2–2.1)

500�: 0.8 (0.3–2.4)

10,000þ: 1.3 (0.3–5.0)

Sweden [22]h Case/control Ever-smokerh Daily no. cigarettesh

400/640 0.9 (0.7–1.2) 1–19: 0.7 (0.5–1.1)

Former smokerh ‡20: 0.6 (0.3–1.1)

1.0 (0.3–3.5)

Current smokerh

0.7 (0.5–1.1)

United States [35]i Case/control Cigarette-yearsi

Male (M): >22 M 1–400: 1.05

Female (F): >23; 401–800: 0.37

<7518 >800: 0.52

F 1–400: 1.08

401–800: 0.44

>800: 0.89

United States (Washington

County, Maryland)j [57]

Nested case

/control

Former smokerj

0.9

23/46 Current smokerj

0.5

United States (Western

Washington State)k [18]

Case/control Former smoker 0.8

(0.6–1.1)k

386/727 Current smoker 0.6

(0.4–0.8)k

a Referent = Never smoker. Adjusted for gender, alcohol intake, skin pigmentation, hair color, personal history of non-melanoma skin

cancer, decade began work as a technologist, education and proxy measures for residential childhood and adult sunlight exposure.
b Referent = Never smoker. Limited to acral melanoma (on soles and palms). Adjusted for age, gender, social class.
c Referent = Never smoker.
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